C
onsidered by many to be the remotest capital city in the world, Perth, Western Australia (WA) might be an unlikely place for a neurosurgical history to unfold. Yet, the need for neurosurgical care along with the ingenuity of early founders has produced a medical success story. As the population of WA burgeoned through the 20th Century, a busy neurosurgical department took shape and flourished in Perth. Today it remains a key Australian unit where leading edge research and technologies are advanced. Future generations of neurosurgeons from Australia, New Zealand, and around the world are trained and mentored in WA.
In this brief historical review, we track the development of neurosurgery in WA from the earliest years, through the establishment of a WA neurosurgical unit, and recent developments. We explore how neurosurgery grew in a relatively remote region to become a major department with international influence. Through the years, numerous leaders have contributed to this history.
METHODS
A literature review was performed using Medline, Google Scholar, and department archives. We reviewed archives at the Medical Museum of WA and the Royal Perth Hospital Museum. Interviews were conducted with former and current faculty. Senior and emeritus faculty reviewed the content.
REGION AND HEALTH SYSTEM
Aboriginal populations migrated to WA from Indonesia thousands of years ago, and groups were well established when the first European explorers arrived. 1 In October 1616 Dutch trader Dirk Hartog was blown off course on his way to Indonesia and became the first European to arrive on the west coast of Australia. He landed approximately 800 km north of Perth in Shark Bay. 2 However, it was not until the early 1800s that the first European settlements were established in WA. A British settlement at King George Sound Albany, approximately 400 km south of Perth, was established 1826-27. Two years later the Swan River Colony, with town sites at Fremantle and Perth, was established. 3 Early settlers depended on a growing sheep farming industry, which originated in the 1830s northeast of present day Perth in the Avon Valley. This eventually spread thousands of km North to the remote Pilbara region. 4 In the early 1880s, the discovery of gold in many areas in WA triggered a major population influx. Tens of thousands swarmed into the region with hopes of finding gold and riches. 3, 4 Since those early years, the WA population has been increasing exponentially ( Figure 1 ). 5 Perth, the capital of WA was founded in 1829 by Captain James Stirling and is the largest city of the Australian state of WA. 4 Rich mineral resources such as gold, bauxite and iron have driven the continued growth of the area. Numerous mining booms have left their mark on Perth, the fourth most populous city in Australia. 5 Western Australia covers an area of more than 2.5 million square km, the combined size of the US states of Alaska and Texas. Much of this land is sparsely inhabited. Over 75% of the total population of more than 2.5 million live in Perth. 5 The WA population receives neurosurgical care in Perth, undoubtedly creating one of the largest neurosurgical catchment areas in the developed world. Western Australia's expansive and majestic, but also rugged and harsh terrain, creates significant challenges for health care delivery. This is mitigated to some extent by a strong tradition of medical air transport. The Royal Flying Doctor Service was formed in the 1920s and 30s by Presbyterian minister John Flynn. In 2016, the flying service carried patients more than 26.1 million km throughout Australia. 6 Nevertheless, the challenge of moving a patient with a neurosurgical emergency more than 3000 km from the northern reaches of WA to Perth is considerable.
HOSPITALS
In 1829, the first colonial hospital was established on Garden Island, several km off the WA coast. What was initially a tent was moved to Perth City, where stables were converted into a hospital in 1840. The hospital was moved to its present site in 1855 (Figure 2 ). Ainslie was recognized for his intellect as well as his surgical skill. Furthermore, he possessed a remarkable physical constitution. He was a very hard worker. The work load was greatest during World War II. Ainslie volunteered for active duty, but he was assigned to oversee civilian and local armed forces surgical care. 9, 10 Ainslie was an athlete, and as an undergraduate he played cricket for Trinity College Melbourne. He was well known for his tennis ability. He also liked to fish. In his later years, he could be found in his garden. The Ainslie House at Royal Perth Hospital (Table chairs) . 9 
MILESTONES AND NEUROSURGICAL FIRSTS
The first neurosurgeries were performed at Royal Perth Hospital well before the department was established in 1948. As the department grew, there were several neurosurgical firsts. John Lekias introduced the operative microscope (diploscope) to Australian neurosurgery in 1968 after he observed Yasargil in 9 He was the first Australian to treat brain aneurysms with Guglielmi detachable coils, vascular malformations with glue embolizations, and carotid cavernous fistulae with detachable balloons. This strong tradition of neuroendovascular innovation continues in Perth to this day.
The first published work from this young department appears to be a series of patients treated for intracranial abscess. The paper reports initial high mortality rates, which were dramatically lowered as treatments improved. 12 Another early paper describes subarachnoid hemorrhage in a large series of pediatric tumor patients. 13 Today, world class and leading edge research efforts are carried out within the department, the neighboring University of WA, and the Queen Elizabeth II Medical Centre Sarich Neuroscience Research Facility.
In 1970 to 80, neurosurgical operations were moved to Sir Charles Gairdner hospital, with the first neurosurgical operation performed by Stokes circa 1967. He recounts removing an epidural hematoma in a physician's son who was injured playing cricket at nearby Rosalie Park. The boy went on to have a good recovery (B Stokes, unpublished data, 2018). A decision by the WA Department of Health designated Sir Charles Gairdner Hospital at the Queen Elizabeth II Medical Centre a dedicated tertiary neurosurgical referral centre.
14 Stokes was later joined by Richard Vaughan, Michael Lee and Neville Knuckey.
Professor Neville Knuckey, current chairman in Perth, trained in neurosurgery in Perth before moving to the USA in 1985 to complete fellowships at Johns Hopkins and Brown University/Rhode Island Hospital. He remained on staff at Brown until 1995, when he returned to Perth to lead the State Neurosurgical Service and training. He supervises a laboratory within the Perron Institute dedicated to developing strategies in neuroprotection. He is a keen sporting enthusiast and encourages all registrars to participate in sporting activates. He regularly challenges the Australian and international trainees in the triathlon.
NEUROSURGERY IN WA TODAY
Currently the Department of Neurosurgery is served by 9 fellowship trained consultants. The department has seen increased subspecialization in recent years with emphases on cerebrovascular, skull base, complex spine, functional, trauma and pediatric neurosurgery. Over 1300 neurosurgical operations were performed at Sir Charles Gairdner Hospital in 2016. Royal Perth Hospital houses the State Trauma Unit, where approximately 200 trauma neurosurgeries were performed in 2016. Over 100 pediatric neurosurgeries were performed at the Princess Margaret Hospital, and additional elective spine cases were performed at Fiona Stanley Hospital, a regional center south of Perth. Two biplane fluoroscopy suites are used in more than 1000 endovascular operations each year. Of note, the Australian healthcare system is a dual system of medical practice. Free healthcare is provided in the public sector with a system of private healthcare also available. However, government sponsored hospitals in Perth bear the brunt of expensive and complicated medical services. A nationally integrated radiology server allows surgeons in Perth to view radiology from remote areas and transport the most appropriate patients by airplane. Emergent transport for stroke thrombectomy and telemedicine are begin developed.
The Perth hospitals boast the latest in operative technology including intraoperative stereotactic guidance and microscopy in 4 dedicated neurosurgery theaters. Recently, two additional theaters with integrated intraoperative MRI were added. The newly built 300 bed Perth Children's Hospital includes 2 dedicated neurosurgery theaters with intraoperative MRI.
Teaching and mentoring the next generation of Australian and international neurosurgeons remains a high priority. The unit is approved for 3 full time Australian trainees and numerous residents rotate through the department. Trainees from around the world including Asia, Europe, Africa and the Americas spend up to a year at a time working and training in Perth, undoubtedly creating a highly international and intellectually appealing environment. Over the past decade, trainees from 14 countries have travelled to Perth for neurosurgical study and training. Weekly grand rounds and Saturday morning teaching conferences as well as weekly subspecialty conferences provide a forum for learning and cross germination of ideas. Several notable US academic neurosurgeons spent a year training in Perth. Penn State Neurosurgery is privileged to enjoy a relationship with the department and sends one senior resident each year to Perth for rigorous study and training.
The Department of Neurosurgery in Perth has attained considerable national prominence, with faculty serving on all major Australian neurosurgical organizations, including the current and past presidents of the Neurosurgical Society of Australasia. Robust clinical and basic science research efforts in areas as diverse as neuroprotection (Knuckey), neurotrauma (Honeybul), and neurosurgical robotics (Lind) are carried out at the University of WA. Recent international awards in neurosurgical research are evidence of the strong tradition of inquiry and scholarship in Perth.
CONCLUSION
Neurological surgery in Perth was and continues to be the sole provider of neurosurgical expertise for the state of Western Australia. The history of this work is the inspiring story of Australian neurosurgical pioneers overcoming obstacles to establish a major academic neurosurgery unit in the remotest capital city in the world. As the department considers the future, the Royal Perth Hospital motto servio is a fitting reminder of the achievements of previous and current leaders in WA neurosurgery. The department looks forward to future years of service to a vast and beautiful region with a thriving population.
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